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(54) Deep trench DRAM process on SOI for low leakage DRAM cell 


(57) A deep trencfi DRAM cell is formed on a silicon 
on isolator (SOI) sut)strate. with a buried strap forn^ by 
outdiffusion of dopant in associated trench node mate- 
rial, for providing an electrical connection between the 

FI6. 4.9 


trench node and the active area of a MOS transfer gate 
formed in the sut)strate »jacent ttie trench in an upper- 
most portion of the sut)strate. 
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Description 

Technicai Held of the Invention 

The present invention relates generally to dynamic s 
random^ccess memories (DRAM), and more particu- 
larly to deep trench D RAM devices and methods for mail- 
ing the same. 

Badiground of the Invention io 

DRAMs are an acronym for dynamic random-access 
read-write memories. In such memories, data can only 
temporarily t>e stored, requiring that the memory be con- 
tinually refreshed or the data rewritten into the memory, is 
In a typical DRAM memory capacitors are charged 
atxsve a predetermined level for storing data, but such 
storage is temporary fc>ecause of parasitic leakage cur- 
rents in the storage cell. However, the small size of 
DRAM memory cells has resulted in their widespread 20 
usage in dataprocessing apparatus. Major research 
efforts are ongoing in the present field of technology to 
provide more economic and improved methods for pro- 
ducing DRAMs, and for reducing or eliminating the lealc- 
age cunrents associated with such devices. 25 

As shown In Fig. 1, a typical DRAM cell includes a 
MOS transistor 3 connected with its channel between a 
bit line 4 and a node 6, the latter k:>eing connected to one 
end of a capacitor 8, as shown. The other end of capac- 
itor 8 is connected via a node 10 to a source of DC volt- 30 
age V. The transfer gate 11 of transfer transistor 3 is 
connected to a word line 1 2, as shown. Write operations 
are performed by typically raising the voltage on the word 
line 12 to a high level for fully turning on transistor 3. 
Shortly thereafter the bit line 4 is driven high or low for 35 
either charging capacttor 8 to a high te^el voltage, or to 
a low level reference voltage, such as ^und, for exam- 
ple. After perlbnning this write operation, the word line 
12 is then returned to a low level of voltage, for turning 
off transistor 3, causing its channel to go from a low level 40 
inrpedance toa very high level of impedance for isolating 
node 6, and as a result capacttor 8, from the bit line 4. If 
capacitor 8 was charged during the write operation, the 
charge will slowly leak away due to leakage currents 
ir^ent in DRAMs. In operating DRAMs. it is therefore 45 
necessary to refresh the device or rewrite the data into 
the device before the voltage on capacitor 8 discharges 
to a level that is indeterminate for indicating whether fhe ' 
capacitor is storing a digital "1" or "0". Accordingly. 
DRAM devices can be made more eff rcient if the leakage so 
currents are reduced, whereby the demce wHI not have 
to be as refreshed as often. 

The typical device configuration for the conespond- 
ing equivalent circuit schematic diagram of Fig. 1 for a 
DRAM, is shown in Fig. 2. This latter figure is illustrative ss 
of a DRAM fabricated using known trench technobgy, 
wherein a capacitor cell 14 is fabricated by etching a 
deep trench 16 into an associated semiconductor sub- 
strate 1 8. A thin cfielectric or node dielectric 1 9 is depos- 


ited on the inside wall of the tr^ch 16, followed t>y filing 
the trench 1 6 with a highly n+ doped pblysiiicx>n or 'pdyfln 
20, in this example. The polysilicon 20 and the semicon- 
ductor substrate 18 are equivalent to the two electrodes 
of the DRAM'S capacitor 8. Two n+ doped wells 22 and 
24 are formed in the p-doped sitetrate 18, for providing 
the drain and source electrodes for the transistor 3. Dis- 
locations generated arouxi the trench cell 16 during 
processing for producing the DRAM cell are the primary 
contributors to leakage currents that tend to discharge 
the capacitor 8. 

A buried plate 26 is provided in a 0+ doped region 
within substrate 18. as shown. The highly doped buried 
plate region 26 surrounds a substantial portion of ttie 
trench 16. in order to enhance the use of the semicon- 
ductor substrate 18 as a viable capadtor-electrode. A 
small parasitic transistor 28 is shown schematically as 
being located between the buried plate 26 and a drain 
(or source) 22 of the transfer MOS transistor 3. Note that 
the node dielectric 19 acts as a gate oxide for the para- 
sitk; transistor 28. The parasitk; transistor 28 tertdstodis- 
charge the capacitor 8 during storage time periods, but 
in the extreme this parasitic capacitor 28 may also short 
the trench capacitor 8 formed in the sut>strate 18. 

In using krKwn technology, dislocations around 
deep trenches filed with QxkJe and potysilicon in a 
nxHiocrystalline silicon substrate are difficult to control. 
It is believed that stress generated by the different ther- 
mal expansion coefficients of the trench 16 while t>eing 
filled with polysilicon 20, relative to the semiconductor 
sut>strate 18, contributes to the control problems. It is 
preferred that trenches such as trench 16 t)e filled with 
highly doped polysilicon in a manner substantially avoid- 
ing any voids, in order to minimize stress. Care must also 
be taken in sut)sequent processing to sufc)stantial ly avokt 
cxidatfon of the sidewvalls of the trench 16. These prot>- 
lems can presently only k>e minimized using known tech- 
nology by empfoying an extraordinary anmunt of 
engineering time and regulating the associated process 
ffow. 

Alsa in using presently known DRAM-trench iech- 
nology, the parasitic transistor 28 cannot t>e completely 
eliminated. However, the parasitic transistor 28 can be 
substantially reduced through use of a collar oxide 30, 
as shown in Rg. 3, in place of an upper portion of a thin 
node dielectric 19. The thick collar oxide 30 serves to 
increase the threshoM voltage of the parasitic transistor 
28 to values higher than those typically encountered dur- 
ing normal operation of a DRAM cell, thereby reducing 
the negative effects of the parasitic transistor 28. Note 
also the use of a strap 32 for connecting drain (or source) 
electrode 22 to the polyfill 20 of trench 16 representing 
one plate of capacitor 8. 

Summary of the Invention 

In order to overcome the problems in the prior art. 
the present nnventDrs have devehiped a DRAM cell pro- 
duced from a process using an SOI (Silkx)n on Insulator) 
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substrate, in combination with simplified processing. In 
'one embodiment of the iriventiohrah siib^rate is 
used to febricate DRAM cells in trench technology for 
isolating the transfer MOS transistor from the trench 
environment, thereby preventing dislocations around the 
trench from influencing the performance of the cell. In 
this manner, along the trerK^ sidewall the parasitic tran- 
sistor is eliminated, thereby avoiding use of a collar 
oxide, and simplifying the processing. Also, in another 
embodiment of the invention, k>y using highly predoped 
material for the SOI substrate, the requirement for a bur- 
ied plate process, such as forming buried plate 26. can 
be eliminated. 

Brief Description of the Drawing 

Various embodiments of the present invention are 
desaibed below with reference to tfie drawings, in which 
like items are identified by the sanne reference designa- 
tion, and in which: 

Fig. 1 is a circuit schematic equivalent dia^m of 
the prior art DRAM (Dynamic Rarxiom Access Mem- 
ory) cell of Rg. 2. 

Fig. 2 is a diagram showing the configuration of a 

prior art DRAM in cross section. 

Fig. 3 is a cross sectional view of a prior art DRAM 

memory cell configuration incorporating a thick co^ 

lar oxide about an upper portion of a deep trench for 

reducing parasitic transistor effects. 

Figsw 4. 1 through 4.9 are elevational cross-sectional 

views showing a plurality of successive processing 

steps for producing in accordance wHh various 

embodiments of the invention a DRAM memory cell. 

Detailed Description 

In one embodiment of the invention, the typical 
parameters used for the Silicon on Isolator (SOI) semi- 
conductor wafers or sut>strates 36, include making the 
substrate rvi- doped to 10E17 cm^ witti a high surface 
concentration of arsenic of about 1 0E20 cm3 in the first 
8 um underneatii an SOI oxide layer 40, as shown in Rg. 
4.1, for exampla In arK>ther embodiment the substrate 
is doped pf. The thrckness of the SOI oxide layer 40 is 
typically 300 nm (nanometers). Also, a thin silicon device 
layer 42 is provided that is typically no greater in tiiick- 
ness than lOOnm; and may be thinner. ' 

In one emtxxliment of the invention, a DRAM menv 
ory cell is produced through use of processing steps as 
illustrated in steps 4.1 through 4.9, to which reference 
will now be made. As in presently known conventional 
processing, tiie initial processing steps begin as shown 
in Fig. 4.1 with etching of trenches 44 and 46. arxj the 
use of node oxidation for forming the node dielectaic lay- 
ers 48 on the interior walls of the trenches 44 and 46, 
respectively Pad nitride layers 50 are formed over ttie 
silicon device layers, as showa Alsa a TEOS etch m^ 


_ layer 52 is formed over the pad nitride layers 50., as 
" '■ "■shown."'" ' 

With reference to Fig. 4.2, tiie next step is to fill tiie 
trenches 44 and 46 with a Nghiy doped rvWp^- polysnkx)n 
5 material 54 from the bottoms of the trenches, respec- 
tively, extending to the top level of tiie TEOS etch mask 
layers 52. The next step is then to renwve the TEOS etch 
mask 52. as shown in Fig. 4.3, using conventicHial tech- 
niques. 

10 The following step, shown in Rg. 4.4, is to recess 
etch tiie polysilicon 54 down to about tiie mid-level of the 
SOI insulation oxide layers 40, as shown, in this example. 
Also, the node oxide layers 37 are renrx^ved by isotropic 
etching from the ends of the thin silicon device layers 42. 

IS as shown. 

As shown Hfi Rg. 4.5, the Mpper portions of the 
trenches 44 and 46 are then refilled with polysilicon 
material 55 (intrinsic), particulariy shewn as the "poly fill 
2", atxyve the prior poly fill 54. The next step is to perform 

20 a second recess etch typically down to the middle of the 
active silicon devk:e layer 42, as shown in Rg. 4.6. In tiie 
comnx>nly known "active area etch" tiie nitride layer 50 
and the silicon device layer between two adjacent 
trenches 44 and 46. in this example, is etched away down 

25 to the SOI oxide layer 40. The remaining polysilicon 
studs are then thermally oxidized typically at 800<'C to 
lOSO^'C, to an oxide thickness 43 of about 20 nm. TTvs 
themial oxidation step also causes outdiffusion of 
arsenic from the highly doped n¥ polysilicon material 54. 

30 in this example, through the remaining polysilicon mate- 
rial 55. into the thin silicon device layer portions 42. This 
outdiffusion, in the preferred embodiment is about 100 
nm. and provides a drain (or source) for tiie associated 
MOS transistor, and is otherwise known in the art as a 

35 "buried strap" 56. as shown in Fig. 4.7. 

With reference to Rg. 4.8, in the next step, the 
remaining gaps between active silicon islands repre- 
sented tyy portions of the silicon device layer 42 that 
remain, are fflled with chemk;al vapor deposits (CVD) 

40 oDdde 58 that is planarized down to the pad nitride layer 
portions 50. The latter are removed after planarizati'on, 
and the active areas are oxkiized with gate sacrificial 
Grade (typk»lly 15 nm). 

With reference to Fig. 4.9 , after necessary deposi- 

45 tion. lithography, and etch steps are performed, the 
implantations for NMOS or PMOS devices are performed 
using conventional or known processing steps. The 

- DRAMcelldevice60results,afterallofthesestep6have 
been performed. The DRAM 60 includes gate stacks 62 

50 (each including an nWj>^ layer 68, and an upper intrinsic 
layer 70 of nitride oxide, in tiiis example), channel region 
64. source (or drain) region 66. and drain (or source) 
region 56, for provkfing transfer MOS transistor 3. 
rOote that tfw doping process for the buried plate 56 

55 can be omitted if a highly predoped material is used for 
tiie SOI substrate 36. Such material can be obtained by 
using a known wafer bonding technKfue. 

The MOS transistor . 3 is also completely isolated 
fromthe environment of the trenches 44 and 46, resulting 
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in the performance ol tfie MOS transistor 3 being 
^r^nced in that it is ribl^ affected any dislcx^dns r^- 
ative to trenches 44 and 46. Also, as shown above, the 
requirement as in the prior art for a collar oxide 30 has 
been eliminated, therek^ simplifying the processing 5 
steps lor producing DRAM GO. The DRAM 60 is also radi- 
ation hardened, and no vertical transistor action is pos- 
sjtHe due to the use of the buried oxide or strap 56, as 
taught Also, through use of the pres^ method of pro- 
ducing DRAM 60, in certain applications permitting a low w 
doped SOI sut)slrate 36. Vpi^^ operation al 0 voKs can 
be obtained, instead of ^difi operation as required with 
highly doped suk)strates 36, therekiy eliminating latch up 
problems, whereby the CMOS switching t>ehavior Is not 
effected relative to DRAM 60. is 

In one embodiment of the invention, as shown in 
Rgs. 4.1 through 4,9, substrate 36 is doped n+. the tfiin 
silicon devk:e layer 42 is doped p-, the polysilicxm 54 is 
doped n+. the drain and source regions 56 and 66 of 
MOS transistor 3 are doped rn-, ttie channel region 64 20 
tfiereof is doped and the first layer of the gate slacks 
62 are doped rv^. in another embodiment of the inven- 
tion, sut>strate 36 is doped pi-, the thin silicon device 
layer 42is doped n-, the polysilicon 54 is doped p^, the 
drain and source regions 56 and 66 of MOS transistor 3 2S 
are doped pt-, and tfie channel region thereof is doped 
n-, and the first layer 68 of the gate stacks 62 are doped 
p+. The top layer 70 of each gate stack 62 is intrinsic, 
arxj in th^ example is formed of nitride oxide. 

Although various embodiments of the present inven- 30 
tion have t>een shown and descrit>ed above, they are not 
meant to be limiting. Certain modifications to these 
embodiments may occur to Ifiose of skill in the art, which 
modifications are meant to be covered by the spirit arxi 
scope of the apperxied claims. 3S 

aaims 

1. A method for forming a dynamic random access 
memory cell (DRAM), comprising tfte steps of: 40 

doping a silicon on isolator (SOI) sii>strate to 
a first conductivity, with a predetermined surface 
concentration of dopant; 

forming an SOI oxide layer on said substrate; 

forming a thin silicon device layer over said 45 
SOI oxide layer; 

doping said thin silicon device layer to a sec- 
ond conductivity opposite tfiat of said first conduc* 
tivity; 

forming a pad nitride layer over said silicon 50 
device layer; 

forming a TEOS etch mask over said pad 
nitride layer; 

etching a deep trench into said substrate at 
a first region thereof; ss 

forming via node oxidation and nitridation a 
dielectric layer on interior walls of said trench; 

filing sakJ trench to the top level of said TEOS 
etch mask layer with a polysBicon material doped to 


said first corxJuc*jvity; 

renfK3ving said TEOS etch mask layen 

recess etching said polysilicon material down 
to about the mid-level of said SOI oxide layer; 

isotropic etching away said node oxide layers 
from end portions of said silkxm de^ce layers; 

refilling the upper portion of said trench with 
intrinsk; polysilkx>n material abosfe the remaining 
first conductivity doped polysilicon material; 

recess etching said intrinsic polysilicon mate- 
rial down to about the middle of saki active silicon 
devk^e layer, thereby leaving a polysilkxm stud pro- 
truding from said trench; 

etching away said first nitrkie layer and said 
first thin silicon 6eme layer on one skie of sakl 
trench, using the associated portkm of saki SOI 
Qxkie layer as an etch stop; 

thermally oxklizing sakl polysilicon stud to a 
predetermined oxde thickness of atx>ut 20 nm. 
while permitting outdiffusion of dopant material from 
the underiying doped polysilicon material, into and 
through a remaining portion of initially intrinsic poly- 
silicon material, into an adjacent portkm of saki sili- 
con device layer on an opposite skte of sakJ trench 
for provkJing a Txjried strap"; 

chemk^al vapor depositing (CVD) oxide over 
sakl polysilicon stud and saki SOI layer adjacent 
saki one skle of saki trench to above the top level of 
saki silicon devk:e layer adjacent the opposite skie 
of said trench; 

planarizing saki CVD oxide to the level of the 
remaining portion of said silicon (i&fice layer; 

Qxkiizing with gate sacrifk^ial oxkie said sili- 
con device layer; and 

implanting an MOS transistor switch includ- 
ing adjacent drain, channel, and source regions in 
saki silrcon device layer, with a gate stack consisting 
of a first gate layer of saki first conduclivily overlying 
saki channel regk>n, and portions of saki ckain and 
source regk>ns, and an intrinsk; second gate layer 
over^ng saki first gate layer. 

2. The method of claim 1, wherein saki substrate is 
doped to lOE17cm3. 

3. The method of daim 2, wherein saki sut)strate \s 
doped to have a high surface concentration of 
arsenk^of about 10E20cm3inthefirst8umbeneBth* 
saki first and second SOI oxide layers. 

4. The method of claim 1 , wherein saki first and second 
SOI layers are afcxHJt 300 nanometers thick. 

5. The method of daim 1, wherein saki first and second 
thin sitk»n device layers are about 1 00 nanometers 
thk:k. 
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.6. TTiemethodofd^^^ 
' " irig step carried out atatefipe^^ 
800*Cto1050*»C. 

7. The mettKxi of daim 1. wherein said substrate is 5 
highly doped. 

& The method of daim 1 , wherein, said polysilicon fill 
material is highly doped. 


9. The method of daim 1 , wherein in said thermal oxi- 
dizing step said polysilicon stud is oxidized to pro- 
duce an oxide thickness of about 20 nm. 

10. The method of daim 1 . wherein said thermal oxidiz- 
ing step dopant material is ouldiffused into said sil- 
icon device layer for atx)ut 100 nm. 

11. A method for fomning DRAM cells, comprising the 
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doping a silicon on isolator (SOI) substrate to 
a first conductivity, with a predetermined surface 
concentration of dopant; 

forming an SOI oxide layer on said substrate; 

forming a thin silicon device layer over said 25 
SOI oxide layer; 

doping said thin silicon device layer to a sec- 
ond conductivity opposite that of said first conduc- 
tivity; 

forming a pad nitride layer over said silicon 30 
device layer; 

forming a TEOS etch mask 1^ over said 
pad nitride layer; 

etching a plurality of spaced apart deep 
trenches through said pad nitride layer, said silicon 35 
device layer, and said SOI oxide layer, into said sub- 
strate; 

forming node oxkie dielectric layers on inte- 
rior walls of the plurality of said trenches, respec- 
tively; 

filling each of saki plurality of trenches to the 
top level of said TEOS etch mask layers with poly- 
silicon material doped to sakJ first conductivity; 

removing saki TEOS etch mask layer por- 
tk>ns; 45 

recess etching saki polysilk^on material asso- 
ciated with saki pliHality of trenches down to about 
the mkJ-level of said SOI oxkie layer; - 

isotropic etching away node oxkie layers from 
ends of saki silicon device layer portions k>etween so 
saki plurality of trenches; 

refilling the upper portions of said trenches 
with intrinsk; polysilicon material; 

recess etching said intrinsic pdysilicon mate- 
rial down to the mkktle of the level of associated por- ss 
tkMis of said silkxm device layer; 

etching away saki pad nitrkie l^ers and saki 
active silicon devk^e layer between indivkiual pairs 
of saki deep trenches, using an associated underly- 


, ing SOI layer portion as an etch stop; . 

thermally owdizihg pblysiliccri studs a^bd- 
ated with each of saki indhridual pairs of saki deep 
trenches to a predetermined oxkie thk;kness. con- 
current with causkig outdiffusk)n of dopant from said 
doped polysilicon material through overlying intrin- 
sic polysilicon material, and into portions of adjacent 
silk»n device layers, respectively, thereby provkiing 
txjried straps, respectively; 

filling gaps t)etween renfiaining portions of 
said silken devk^e layer with chemical vapor deposit 
(CVD); 

planarizing down said CVD oxkie to said pad 
nitrkie layer portk)ns; 

removing saki pad nitrkie layer portions via 
planarization; 

oxkiizing with gate sacrificial oxkie remaining 
portions of saki silicon device layer; and 

implanting a MOS transistor in each remain- 
ing portbn of saki silkx)n device layer. 

12. The method of claim 11, wherein saki substrate is 
dopedto10E17cm3. 

ia Hie method of claim 11, further induding the step 
of doping saki substrate to have a Ngh surtece con- 
centration of dopant of about 10E20 cm3 in the first 
8 um beneath saki SOI oxkie layer portions. 

14. The method of claim 1 1 . wherein said SOI layer is 
about 300 naTK)meters thick. 

1 5. The method of daim 1 1 , wherein said siPicon device 
layer is atxxjt 100 nanometers thk^ 

16. The method of daim 11. wherein saki thennal oxi- 
dizing step is carried out at a temperature ranging 
from800"Cto1.050*C. 

17. The method of daim 11. wherein saki thermal oxi- 
dizing step is carried out to provkie an oxkie thick- 
ness of about 20 nm. 

ia The method of daim 11, wherein saki thermal oxi- 
dizing step is controlled to provkie an outdiffusion of 
100 nm into saki silkx)n devk;e layer portions. 

i9. The m^hod of daim 11, wherein saki substrate is 
doped to fiave a high surface concentratton of 
dopant. 

2a The method of claim 11, wherein saki polysilicon 
material is highly doped. 

21. A deep trench dynamk; random access memory 
(DRAM) cell, comprising: 

a silken on isolator (SOI) substrate doped to 
a first conductivity; 

a deep trench formed in one region of sad 
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substrate; „ ^ , , 

node dieiectnc layers on intend 
deep trench; 

an SOI oxide layer on said substrate on oppo- 
site sides of said trench; 5 

polysilicon material doped to have said first 
conductivity, contained within said trench, with a 
short stud-like portion protruding above the level off 
said SOI oxide layer; 

a CVD oxide layer above said polysilicon ^0 
material; 

a silicon device layer over said SOI oxide 
layer, said silicon device layer being initially doped 
to have a second conductivity opposite to that of said 
first conductivity, and t>eing adjacent a common 75 
edge of said CVD oxide layer and stud-like protru- 
sion of polysilicon material; 

a buried strap fonmed in a portion of said sil- 
icon device layer adjacent one side erf said trench, 
and extending to said stud-tike protrusion of polysil- 20 
icon material for providing an electrical connectkm 
therebetween; and 

a MOS transfer transistor formed in saki sili- 
con device layer. 

25 

22. The DRAM cell of claim 21 , further including: 

afirst gate stack formed on sacl CVD oxide 
layer above said trench; and 

a second gate stack on said silicon de^^ice 
layer overiying a central channel region, arxi partially 30 
overlying drain and source regions on either side of 
saki channel region, of sakJ transfer MOS transistor. 

23. The DRAM cell of claim 22, further including: 

saki si^)strate being highly doped to 1 0E1 7 3S 
cm3 with a high surface concentration of dopant of 
about 10E20 cm3 in the first 8 um under said SOI 
o»de layer. 

24. The DRAM cell of claim 22. wherein sakI SOI oxkJe 40 
layer is atxxjt 300 nm thrck. and sakJ silkxxi devk^e 
layer is no greater than 100 nm thk:k. 

25. The DRAM cell of daim 22, wtierein sakJ stud-like 
portion of said polysilicon material includes an (»ckle 46 
thickness of about twenty rmnometers. 
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FIG. 4.2 
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FIG. 4.3 
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FIG. 4.4 
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FIG, 4.5 
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